Four kinds of Al-TiO 2 solid samples with different Ti/Al ratios of 1 : 0.1, 1 : 0.09, 1 : 0.07, and 1 : 0.05 were synthesized via a solidphase synthesis method and characterized by XRD, SEM, EDS, BET, and other techniques. e prepared solids were used for separation of the bioderived product danshensu, the content of which was determined by UV spectrophotometry. Moreover, the effects of extract concentration, PH value, adsorption time, and ethanol elution volume were investigated. e results showed that these Al-TiO 2 samples had good adsorption and desorption ability. Especially, the solid Al-TiO 2 with a Ti/Al ratio of 1 : 0.05 is more suitable for the separation of danshensu, exhibiting a higher adsorption (77.70%) under 2 h adsorption time and pH = 3; meanwhile, the high desorption rate (70.29%）was received under 80% ethanol and the sample concentration of 3.0 mg/mL.
Introduction
Danshensu significantly inhibits the growth of cancer cells and makes the tk/GCV (herpes simplex virus thymidine kinase/ganoside) system of cancer cells enhance the synergistic effect of killing and the effect of suicide gene bystanders (BE) [1] .
e previous study also found that danshensu can significantly inhibit the rise of blood lipids in rabbits with a high-fat diet and can also inhibit the synthesis of endogenous cholesterol cells [2] . In the field of medicine, danshensu has a more broad application prospect. erefore, the effective separation and purification of danshen sodium SSH (Salvia scapiformis Hance) on the full development and utilization of white tonic has great significance.
Salvia miltiorrhiza separation often uses the extraction or alcohol precipitation method [3] [4] [5] [6] , but there are bottlenecks such as separation difficulties and serious pollution problems of science and technology. In recent years, with the in-depth study of TiO 2 powder material, it was found that it not only has the basic characteristics of common materials but also has adjustable pore size, narrow pore size distribution, ordered structure, and larger specific surface area with a certain choice of adsorption properties and adsorption capacity [7] because of which it is widely used in the adsorption and separation of organic matter and metal ions [8] . us, the synthesis and properties of powder materials research and development have become the current focus of materials chemistry, physics, and traditional Chinese medicine and other disciplines [9] [10] [11] [12] , so as to achieve the powder material and drug substance molecules surface atoms or active sites selective adsorption [13] .
In this study, the Al-TiO 2 samples were prepared by the solid-phase synthesis method for the first time. According to the different doping amounts, different adsorbent materials were obtained, and the influencing factors on the static adsorption of danshensu in SSH were studied by the concentration of extract, pH value, adsorption time, and elution volume fraction of ethanol. It provided a scientific theoretical basis for the effective development and utilization of this plant. After static standing for 6 h at room temperature, the reactor was transferred into 140°C muffle furnace for 2 h to obtain a white solid, followed by grinding with mortar and washing using a Brinell funnel with distilled water until no SO 4 2− (0.1 mol/L BaCl 2 solution test to determine). e resulting sample was dried at 110°C for 2 h and then placed into the muffle furnace at 1°C/min heating rate to 550°C for 6 h. e obtained product was cooled down to the room temperature to give Al-TiO 2 . 2 . XRD patterns were measured with the Bruker D8 advanced X-ray diffractometer (XRD) with Cu Ka radiation (λ � 0.154 nm) at 40 kV and 30 mA with a step size of 0.02. e SEM and EDS characterizations of the catalysts were studied using the S-3400H (Shimadzu) type scanning electron microscope (SEM). e Brunauer-Emmett-Teller (BET) surface areas were measured using the N 2 adsorption/desorption apparatus (Micromeritics ASAP 2460), and the pore size and pore volume distributions were calculated using the Barrett-Joyner-Halenda (BJH) model. FT-IR spectra were obtained using the S-65 spectrophotometer (Shimadzu).
Characterization of Al-TiO
e UV-Vis spectra were recorded on the Shimadzu UV-2500 spectrophotometer.
Extraction of Danshensu.
A certain amount of SSH powder was placed in a Soxhlet extractor and added petroleum ether reflow at 60°C for 12 h (defatted and bleached), petroleum ether removed by using a rotary evaporator, and dried at room temperature to obtain the solid powder. 15 g of the above powder was weighed, 50% ethanol was used as the extraction solvent (V/m � 40 : 1), and the solution was microwave extracted (power: 400 W, temperature: 40°C, and time: 5 min), filtered, and concentrated, and finally, danshensu was obtained.
Danshensu Detection.
At 282 nm maximum absorption wavelength, with the concentration of danshensu as the abscissa and the absorbance as the ordinate, the linear equation was Y � 0.01382X − 0.00443 with the correlation coefficient r � 0.99961, and the concentration of danshensu in the range of 0.01-0.05 mg/mL has a good linearity by UVVisible spectrophotometry [14] .
Danshensu Static Adsorption and Desorption
Experiments. A certain concentration of danshensu solution was removed accurately into a 250 mL triangle bottle with 1.0 g Al-TiO 2 , and the appropriate time and the adsorption rate are calculated according to formula (1) . Next, Al-TiO 2 was collected after adsorption, followed by putting into another triangle bottle by filtration. Ethanol was added, shaken at room temperature for 60 min, and left for 12 h. e supernatant was collected by centrifugation, the absorbance was measured by UV-Vis, and the desorption rate was calculated on the basis of formula (2) . e formula of adsorption rate calculation:
e formula of desorption rate calculation:
where P 1 : adsorption rate, P 2 : desorption rate, C 0 : danshensu solution mass concentration (mg/mL) before adsorption, V 0 : volume of danshensu solution before adsorption (mL), C1: danshensu mass concentration (mg/mL) after adsorption, V 1 : volume of danshensu solution after adsorption (mL), C 2 : danshensu concentration (mg/mL) after desorption, and V 2 : volume of danshensu solution (mL) after desorption.
Results and Discussion

Characterization of Al-TiO 2
3.1.1. EDS Characterization. In order to confirm whether the Al 3+ is doped into TiO 2 , the four kinds of Al-TiO 2 were analyzed by EDS characterization, and the results are shown in Figure 1 . As can be seen from Figure 2 , all four samples are Al 3+ -doped TiO 2 . Among them, the contents of Al in samples A and B are higher than C and D, while B has the highest in the four samples, and C and D have the same basicity. is result preliminarily showed that the adsorption rates of danshensu by A and B are higher than those by C and D because Al 3+ is a two-type metal, and danshensu is acidic, and amount of Al 3+ directly affects the acidity and alkalinity of Al-TiO 2 .
XRD.
e Al-TiO 2 samples were characterized by XRD to understand the adsorption properties, and the results are shown in Figure 3 . From the results, we can see that the Al-TiO 2 was prepared successfully, which is consistent with the EDS analysis. Also, with the increase of Al content, the XRD bands of Al-TiO 2 become sharper, indicating that the crystallinity of Al-TiO 2 is also increasing, leading to the permeability and compactness of Al-TiO 2 enhancement. Journal of Chemistry
SEM.
Material properties are closely related to their shape [15, 16] , and the obtained SEM images of four different Al-TiO 2 samples are shown in Figure 4 . As can be seen from Figure 4 , the four Al-TiO 2 solids have a clear pore structure, but as the Al content decreases, the pore structure gradually becomes even, and the grain size of the Al-TiO 2 also decreases. In particular, Figure 4 (d) is more obvious. It is preliminary judged that the four Al-TiO 2 samples have a good adsorption capacity.
BET.
e N 2 adsorption-desorption isotherm of AlTiO 2 (Ti/Al � 1/0.05) is shown in Figure 5 .
e Al-TiO 2 exhibited type IV isotherms with type H3 hysteresis loops.
ese observations indicated that the pores of Al-TiO 2 belong to the sheet-like stacked pores [17] . ese observations were consistent with results from SEM studies. In addition, the specific surface area (SSA) of Al-TiO 2 is 50.1985 m 2 /g, and the average pore size is 8.2495 nm.
Optimization of Static Adsorption and Desorption
Conditions. In order to obtain the best adsorption and desorption conditions of the four Al-TiO 2 samples, the adsorption time, the pH value of the danshensu solution, and the eluent concentration were investigated, respectively, and the results are shown in Figure 6 (c). In addition, with the time extension, the adsorption capacity also increases, but the maximum adsorption rate was reached at 4 h ( Figure 6(a) ), and the pH value of the danshensu solution was inversely proportional to Al-TiO 2 adsorption capacity ( Figure 6(b) ). In which the adsorption rate is the highest when the the danshensu solution is pH = 3. At last, the result of the eluent concentration test showed that at 50-90% (v/v), the desorption rate increased with 50-80% ethanol concentration, the maximum desorption rate was received with 80% ethanol. Continuing to increase the ethanol concentration (90%), the desorption rate has a decreasing trend (Figure 6(c) ), and the reason can be that danshensu was damaged by high concentrations of ethanol [18] [19] [20] . the desorption capacity is poor. As the effective separation capability is used to measure the quality of material separation (desorption rate/adsorption rate), it can be calculated that the effective separation capability is 62.5%, 61.7%, 77.0%, and 90.3%, respectively. us, Al-TiO 2 with Ti/Al ratio 1/0.05 is most suitable for the separation of danshensu. e reason may be that it has a uniform pore structure [15, 21] .
Test of Adsorption and
Conclusions
In conclusion, several Al-TiO 2 samples were prepared by solid-phase synthesis with TBOT and Al 2 (SO 4 ) 3 ·18H 2 O.
en, the optimized Al-TiO 2 was used for separation of danshensu. e experimental results showed the following:
(1) Al-TiO 2 with Ti/Al ratios 1/0.1 and 1/0.09 has a higher adsorption rate, and the desorption rate is worse than that with Ti/Al ratios 1/0.07 and 1/0.05 (2) e optimal conditions for isolating danshensu solution are pH � 3, 4 h adsorption time, and 80% ethanol eluent (3) e Al-TiO 2 sample with Ti/Al ratio 1/0.05 is the best material for separating danshensu under the best conditions
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